The emergence of pan-resistance in bacterial pathogens poses a threat to human health. Carbapenem-resistant Acinetobacter baumannii has emerged as a serious challenge, causing nosocomial infection and community-acquired outbreaks in hospitals globally, including in Pakistan. We collected 90 Acinetobacter isolates from patients with secondary or nosocomial infections from different hospitals in Pakistan and screened for carbapenem-resistant strains. Of the 90 isolates, 59 were resistant to carbapenems. Among oxacillinase -encoding genes, bla OXA-51 -like was common in all isolates, including in combination with bla OXA-23 -like in 14 isolates; however, bla OXA-24 -like and bla OXA-58 -like were completely absent. Among metallo-b-lactamase-encoding genes, only bla NDM-1 was found in one isolate, while the other three genes, bla IMP , bla VIM and bla SIM, were completely absent. None of the isolates was found to harbour the bla CTX-M gene. The isolates were also tested for susceptibilities to a panel of different antibiotics belonging to several classes. Of all the drugs tested, tigecycline was the most effective with 80 % sensitivity amongst isolates, followed by colistin with 50 % sensitivity. Three categories of resistance were found in these isolates: extreme drug resistance in 26, pan-drug resistance in 19 and multidrug resistance in 87 isolates. The isolates exhibited a high resistance to cephalosporins, trimethoprim-sulfamethoxazole and b-lactam antibiotics, followed by tetracycline and b-lactam/b-lactam inhibitor combination, fluoroquinolone and aminoglycosides. The results show a prominent level of antibiotic-resistance phenotypes in A. baumannii and strongly suggest the need for full-scale national surveillance of carbapenem-resistant A. baumannii with particular emphasis on the newly identified NDM-1 (New Delhi metallo-b-lactamase-1).
INTRODUCTION
Acinetobacter baumannii has become a challenging pathogen for global healthcare due to rapid acquisition of noteworthy antibiotic-resistance biomarkers that results in increased uncontrollable nosocomial infection and community-acquired outbreaks (Dijkshoorn et al., 2007) . It has now emerged as a highly resistant pathogen in Pakistani hospitals (Kaleem et al., 2010; Evans et al., 2011) . A. baumannii has started to exhibit resistance to broadspectrum antibiotics, including carbapenems, through various mechanisms. Acinetobacter species display resistance to carbapenems through the production of different carbapenemase enzymes, and class B metallo-b-lactamases (MBLs) and class D oxacillinases (OXAs) are common (Walsh, 2010) . Among OXA enzymes, OXA-23, OXA-24, OXA-51 and OXA-58 are common, while among MBLs IMP, VIM and SIM have been reported globally (Walsh, 2010) .
New Delhi metallo-b-lactamase-1 (NDM-1) is a new addition in the MBL group and is thought to originate from hospitals in India, Bangladesh and Pakistan (Kumarasamy et al., 2010; Perry et al., 2011) . NDM-1 has received much attention due its rapid intercontinental dissemination in healthcare facilities, and has already been reported in different members of the family Enterobacteriaceae from several hospitals in Pakistan (Kumarasamy et al., 2010; Perry et al., 2011) . NDM-1 producing A. baumannii have been reported in several countries on different continents (Chen et al., 2011; Bogaerts et al., 2012; Boulanger et al., 2012; Nemec & Krizova, 2012) . Along with chromosomal carriage, NDM-1 is encoded on a readily transferable plasmid, which facilitates its ease of transmission, and raises great concerns over intercontinental dissemination (Rolain et al., 2010) .
Identification of bacteria. Isolates were initially identified by Gram-staining, followed by growth characterization on blood and MacConkey agar, and analysis by standard biochemical methods including API 20E (bioMériuex). Further confirmation was carried out by the amplification of intrinsic bla OXA-51 -like and recA genes.
Antimicrobial-susceptibility screening. Using the Kirby-Bauer disc diffusion method, the isolates were tested for antimicrobial susceptibilities to a panel of 11 antibiotics: piperacillin, cefepime, ceftriaxone, meropenem, amikacin, minocycline, levofloxacin, piperacillin-tazobactam, colistin, trimethoprim-sulfamethoxazole and tigecycline. The strains were classified as susceptible, intermediate or resistant to the tested antibiotics according to Clinical Laboratory Standards Institute guidelines (CLSI, 2011) . However, the breakpoint (susceptible/resistant) for tigecycline was kept at .16/,12 mm as evaluated by Jones et al. (2007) . The MIC for all isolates to meropenem was also determined. Escherichia coli (ATCC 25922) was used as a quality control strain.
Phenotypic detection of carbapenemase producers. Carbapenemase production was confirmed by the modified Hodge test, while MBL production was evaluated by EDTA and double disc synergy test using the protocol recommended by another study (Lee et al., 2003) . E. coli (ATCC 25922) was used as a control strain.
Detection of the recA gene. The detection of A. baumannii was confirmed by amplifying the recA gene as already described (La Scola & Raoult, 2004) . Briefly, DNA was subjected to PCR using A. baumanniispecific primers ACI381F (59-ACAATGACATTGCAAGCAATTG-39) and ACI382R (59-CCAATTTTCATACGAATCTGG-39). The PCR products were separated by agarose gel electrophoresis followed by examination under UV light.
Screening for the bla CTX-M gene. All isolates were screened for the presence of cefotaximase (CTX-M)-encoding genes. Bacterial DNA was prepared from overnight cultures by heating the bacterial suspension to 95 uC for 10 min followed by centrifugation. The detection of the bla CTX-M genotype was performed as described by Pitout et al. (2004) , displaying the group designation (CTX-M-I/II/III/IV). Positive controls for CTX-M-encoding genes were Klebsiella pneumoniae U0503575 (CTX-M-I), C2 (CTX-M-II), C8 (CTX-M-III) and C9 (CTX-M-IV).
Screening for class D and class B carbapenemase-encoding genes. The presence of the bla NDM-1 gene was detected according to the method described by Nordmann et al. (2011) using the primers NDM-F (59-GGTTTGGCGATCTGGTTTTC-39) and NDM-R (59-CGGAATGGCTCATCACGATC-39). K. pneumoniae CCUG601 was used as a positive control. Sequencing was performed by Eurofins MWG Operon using the same primers.
The DNAs were further subjected to multiplex PCR for class D carbapenemases (encoded by bla OXA-51 -like, bla OXA-23 -like, bla OXA-58 -like and bla OXA-24 -like) and class B carbapenemases (encoded by bla IMP , bla VIM and bla SIM ) using primers from published studies (Woodford et al., 2006; Mendes et al., 2007) . The carriage of insertion sequence ISAba1 was detected using primers described by Carvalho et al. (2011) . PCR amplification products were separated in agarose gel and viewed under UV light.
Epidemiological typing by rep-PCR. The genetic profiles of 19 pandrug-resistant A. baumannii isolates were determined by rep-PCR according to a previously described method (Hasan et al., 2012) . Amplification was conducted in a total volume of 25 ml containing 2 mM dNTP, 106 PCR buffer, 25 mM MgCl 2 , 5 U HotStar Taq polymerase ml 21 (Qiagen), primer ERIC1R (59-ATGTAAGCTCCT-GGGGATTCAC-39) and 5 ml DNA template. Cycling parameters were as follows: 1 min at 94 uC, 1 min at 36 uC and 2 min at 72 uC for 45 cycles. A final extension at 72 uC for 5 min was performed afterward. The amplified products were visualized in a 1 % agarose gel stained with ethidium bromide. To control the sizes of the products, an express DNA ladder was used (GeneRuler DNA Ladder; Fermentas). The gel was photographed and the DNA bands were analysed visually.
RESULTS
A total of 90 clinical isolates were initially identified by Gramstaining and conventional biochemical tests. All isolates were further confirmed by biochemical testing. Later they were confirmed as A. baumannii by the presence of intrinsic OXA-51 and recA genes using A. baumannii-specific primers.
A. baumannii was found in different units of different hospital areas: the ICU, general medical, emergency and surgery wards, and the outpatient department. However, the number of A. baumannii isolates was highest in the ICU compared with the other sites.
Antibiotic-susceptibility testing of A. baumannii
All isolates were categorized into three types of resistance in accordance with the literature guidelines (Magiorakos et al., 2012) : extremely drug resistant (XDR), pan-drug resistant (PDR) and multidrug resistant (MDR). Isolates showing resistance to three or more classes of antibiotics were categorized as MDR. Those showing resistance to all but two or less antibiotic classes were called XDR. While isolates showing resistance against all tested classes of antibiotics were categorized as PDR. Among 90 isolates, 59 were carbapenem resistant, 87 were MDR and 26 were XDR, while 19 were PDR. The isolates exhibited high resistance to cephalosporins, trimethoprim-sulfamethoxazole and b-lactam antibiotics, followed by resistance to tetracycline and b-lactam/b-lactam inhibitor combination, fluoroquinolone and aminoglycosides. Among the cephalosporins, isolates showed most resistance (98.8 %) to ceftriaxone as compared to cefepime (93%). Isolates showed only 20 % resistance to tigecycline, while resistance to colistin was 50 %. The resistance against other antibiotics was as follows: amikacin (76.6 %), meropenem (65.5 %), levofloxacin (74.4 %), piperacillin-tazobactam (84.4 %), trimethoprim-sulfamethoxazole (95.5 %), minocycline (83.3 %), piperacillin (94.4 %). Among all antibiotics tested, tigecycline was found to be the most effective. The multi-resistant phenotypes observed at different facilities are shown in Table 1 . MIC levels for meropenem turned out to be in the range of 8 to .512 mg l
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. Control plates without any selective antibiotic pressure showed growth of all isolates.
Molecular detection of carbapenem-resistance genes
The presence of an intrinsic bla OXA-51 -like gene was found in all A. baumannii isolates. All 59 carbapenem-resistant isolates were positive by the phenotypic modified Hodge test. Of the carbapenem-resistant isolates, 1 was positive for the bla NDM-1 gene, 14 were positive for bla OXA-23 -like genes and all of them had ISAba1 elements. None of the isolates harboured the extended-spectrum b-lactamase (ESBL) bla CTX-M gene. All isolates were negative for bla OXA-24 -like, bla OXA-58 -like , bla IMP , bla VIM and bla SIM genes.
Genetic profiling
Genetic profiling of 19 A. baumannii isolates by rep-PCR revealed 9 different epidemiological clones in different hospitals. The majority of them belonged to clonal group A (six isolates), B (three isolates), C (two isolates), D (two isolates) and F (two isolates). The same clonal cluster was found in two hospitals located in two different areas, and also in different age groups of patients in the same hospital, which indicated the dissemination of hospital-associated clones or clonal outbreak in the hospitals. The details of genetic profiling of the isolates are given in Table 2 .
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DISCUSSION
The infectious disease burden in Pakistan is caused by many bacterial species. Among them, different species of Acinetobacter have emerged as a significant class of pathogens, continuously posing threats and challenges to the Pakistani healthcare system (Kaleem et al., 2010; Evans et al., 2011) . In addition to this challenge, the emergence of pan-resistance in Acinetobacter species has been aggravating the situation into a more complex scenario, which in turn increases the number of complications and deaths in hospitals. Considering the prevalence of this pathogen, Acinetobacter species from different hospitals were further characterized at the phenotypic and genotypic levels, and their antibiotic-resistance determinants assessed, including the NDM carriage. In this study, a high prevalence of multidrug-resistant A. baumannii isolates was found in healthcare facilities in Pakistan, with carbapenem resistance dominant. However, resistance was found in the majority of the tested antibiotic classes and most of the multidrugresistant isolates were found in the PIMS Hospital.
OXA-type-b-lactamases are the most prevalent carbapenemase enzyme produced by Gram-negative bacterial species including A. baumannii (Zarrilli et al., 2009) . Among the different types of OXAs, OXA-23 and OXA-51 are the major genetic factors involved in resistance development. OXA-51 is involved in intrinsic resistance with chromosomal origin, while other genes, including bla NDM-1 , cause resistance via plasmids, and this increases the resistance spectrum by horizontal transfer of the resistance factors intra-and inter-species (Poirel & Nordmann, 2006; Cornaglia et al., 2011) . Along with chromosomal carriage, the gene for OXA-23 can also be plasmid encoded (Mugnier et al., 2010) , which makes it a candidate for an acquired gene. It is also interesting to note that an independent prevalence of OXA-23 in A. baumannii isolates was reported in Karachi (Irfan et al., 2011 ), but we did not find any independent existence of OXA-23. It was only seen in combination with bla OXA-51 -like. These differences reflect a continuous change in acquisition of resistance genes in A. baumannii and present a possibility that different strains prevail in different provinces. Furthermore, all isolates harbouring bla OXA-23 -like also displayed the ISAba1 element, suggesting the contribution of this insertion sequence towards carbapenem resistance.
One of the important ESBL types is CTX-M, and its name reflects the potent hydrolytic activity against cefotaxime (Bonnet, 2004) . CTX-M was the dominant ESBL type reported in clinical isolates in Pakistan (Habeeb et al., 2013 ), yet we did not find CTX-M genotype in pan-drugresistant isolates. Since their discovery in 2007, NDM-1-positive bacteria have started to spread globally throughout healthcare facilities. The studies have underlined a link in the spread of NDM-1-positive pathogens, which is associated with travelling to India and Pakistan (Perry et al., 2011; Walsh & Toleman, 2012) . Not only were Enterobactericeae species reported as frequent carriers of the NDM-1 gene with a high frequency of plasmidmediated genetic exchange capabilities, but other Gramnegative species were reported as frequent carriers as well (Rolain et al., 2010) . A number of studies have already reported the carriage of bla NDM-1 in A. baumannii in different parts of the world (Chen et al., 2011; Bogaerts et al., 2012; Boulanger et al., 2012) . The presence of the NDM-1 gene was described in the members of the family Enterobacteriaceae from Pakistani hospitals where Acinetobacter species were not found to be the carrier (Kumarasamy et al., 2010; Perry et al., 2011) ; however, this study reports the incidence of NDM-1 carriage in A. baumannii. Ultimately, the presence of the bla NDM-1 genotype was found only in one of the carbapenemresistant isolates among those suspected.
The pan-resistant strains were typed using rep-PCR and nine clonal groups were observed, and clonal group A was most common. The clonal types were widely spread out in strains from PIMS Hospital, suggesting that multiple clones are circulating in our clinical settings. Types A, C, and D were predominant in strains from NORI, suggesting the dissemination of these specific clones at the particular facility. All the collected isolates in the current study suggest nosocomial activity. The major factors related to the emergence and spread of the resistant A. baumannii isolates are likely to include overcrowding, misguided antimicrobial treatment, usage of respiratory medical instruments, blood and urinary catheters, and flaws in trauma. In these cases, colonization of A. baumannii through successive contamination is also a factor for development of a highly antibiotic-resistant strain, leading to infections. The time of the collection of these strains was not an outbreak period as compared to previous years (Irfan et al., 2008) , so such dynamic resistance patterns suggest a diversified pathological combination of carbapenemases.
Our results indicate poor hygiene conditions in the Pakistani hospital setting and its surrounding areas. It also represents a lack or failure of the application of strict measures to control hospital-acquired infections and the potential spread of emerging resistant pathogens. Even though there are some control measures in some hospitals, our results suggest the application was not as effective as it should be. Therefore, nationwide infection control strategies should be developed and applied in hospitals to stop further outbreaks of emerging resistant strains from within the hospital and the community.
